New Autoionizing Levels in Helium by Rudd, M. Eugene
University of Nebraska - Lincoln 
DigitalCommons@University of Nebraska - Lincoln 
M. Eugene Rudd Publications Research Papers in Physics and Astronomy 
1965 
New Autoionizing Levels in Helium 
M. Eugene Rudd 
University of Nebraska - Lincoln, erudd@unl.edu 
Follow this and additional works at: https://digitalcommons.unl.edu/physicsrudd 
 Part of the Physics Commons 
Rudd, M. Eugene, "New Autoionizing Levels in Helium" (1965). M. Eugene Rudd Publications. 65. 
https://digitalcommons.unl.edu/physicsrudd/65 
This Article is brought to you for free and open access by the Research Papers in Physics and Astronomy at 
DigitalCommons@University of Nebraska - Lincoln. It has been accepted for inclusion in M. Eugene Rudd 
Publications by an authorized administrator of DigitalCommons@University of Nebraska - Lincoln. 
New Autoionizing Levels in Helium 
M. E. Rudd 
Concordia College, Moorhead, Minnesota  
Received 19 August 1965 
We recently reported the excitation of autoionizing states in 
helium by positive-ion bombardment and their subsequent 
observation as fine structure in the energy spectrum of the 
emitted electrons. With somewhat increased resolution we have 
now observed additional levels in helium including parts of two 
series not previously reported. 
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NEW AUTOIONIZING LEVELS IN HELIUM* 
M. E. Rudd 
Concordia College, Moorhead, Minnesota 
(Received 19 August 1965) 
We recently reported the excitation of auto- 
ionizing s ta tes  in helium by positive-ion bom- 
bardment and their  subsequent observation a s  
fine s t ruc tu re  in the energy spect rum of the 
emitted electrons. '  With somewhat increased 
resolution we have now observed additional 
levels in helium including p a r t s  of two s e r i e s  
not previously reported.  
The s a m e  apparatus was used a s  in the pre-  
vious work except fo r  the addition of an  X-Y 
recorde r  to plot the data.  Again, electrons 
ejected a t  a 160" angle with respect  to the ion 
beam w e r e  observed.  The helium p r e s s u r e  
in the collision chamber was five to s ix  microns.  
The bombarding ions were  75-keV H+ o r  B,'. 
In Fig. 1 a r e  shown three  runs  a t  different 
r ecorde r  sensit ivit ies.  The peak a t  62.15 eV 
can be identified a s  the (20') ' 5  level calculated 
theoretically by O'Malley and Geltman2 but not 
previously observed.  The peak a t  63.65 eV is 
the sp,23' level  observed by Madden and Cod- 
ling.3 The 64.46-eV sp,24+ level i s  just detect- 
able. 
The energy sca le  could be determined by add- 
ing the ionization potential (24.58 eV) to the 
electron ejection energy measured by the an- 
a lyzer .  However, because of space  charge and 
other effects the energies  thus determined a r e  
uncertain by a few tenths of an eV. Therefore,  
the 63.65-eV value fo r  the sp,23+ level niea- 
su red  by Madden and Codling was  used to cal- 
ibra te  the r e s t  of the energy scale .  The ener-  
gies determined in this way a r e  believed to be 
accura te  to within a b o ~ t  0.05 eV. 
The new s e r i e s  a r e  the (2sns) ' S  and the (2snp) 
3P, the f i r s t  t e r m s  of which have been previ- 
ously reported by Simpson, Mielczarek, and 
Cooper4 and by us.' Both s e r i e s  converge to 
the s a m e  limit a s  the s p , h  s e r i e s .  This l imit  
is given by Madden and Codling3 a s  65.397 eV. 
The n = 3 t e r m s  in both s e r i e s  a r e  combined 
in the single peak a t  63.0 eV in Fig. 1. In Fig. 2 
these two levels have just been resolved a t  
62.95 and 63.08 eV. An additional peak appear-  
ing a s  62.78 eV is probably the sp,23- level  
reported by Madden and C ~ d l i n g . ~  The ( 2 ~ 4 s )  ' S
and (2.~4)) 3P s ta t e s  appear a s  a single unre- 
solved peak in Fig. 1 at  64.22 eV, while the 
peak a t  64.71 eV is probably the combination 
FIG. 1. Energy spectrum of electrons emitted from 
helium gas excited by 75-keV Hz+ impact. 
FIG. 2 .  Higher resolution energy spectrum of elec- 
trons emitted from helium gas excited by 75-keV 
impact. 
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Table I. Energies of t e rms  of ( b n s )  'S se r ies  in he- 
lium. 
E expt. Ecalca E calc b 
n (eV) (eV) (eV) 
2 57.82 57.87 37.824 
3 62.95 62.99 62.952 
4 64.22 64.22 
5 64.71 64.70 
a ~ e e  P. G. Burke, D. D. McVicar, and K.  Smith, 
Phys. Rev. Letters 11, 559 (1963); P. G. Burke and 
D. D. McVicar, to be published. 
b ~ e e  reference 2. 
of the n = 5 t e r m s  of both se r i es .  A summary 
of the measured and calculated values of the 
energies of the two s e r i e s  appears in Tables I 
and 11. 
Identification of the two s e r i e s  was aided by 
the fact that triplet levels are not excited by 
proton bombardment but show up strongly un- 
d e r  H,' bombardment. This is due to the fact 
that in order  to conserve spin the triplet lev- 
e l s  must be excited by a projectile bearing an 
electron to exchange with one in the target a t -  
om. With the proton beam the t e rms  of the 
(2snp) 3P s e r i e s  did not appear. 
- -  - 
Table 11. Energies of t e rms  of the (2snp) 3~ se r ies  in 
helium. 
E expt. Ecalca Ecalcb 
n (eV) (eV) (eV) 
aSee P. G. Burke, D. D.  McVicar, and K.  Smith, 
Phys. Rev. Let ters  11, 559 (1963); P .  G. Burke and 
D. D. McVicar, to be published. 
b ~ e e  reference 2. 
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